The purpose of the current study was to determine the short-term effects of smartphone usage on the upper-back postures of university students. Sixty-three students completed a self-administered questionnaire and photographic postural analysis. Smartphone usage significantly affected shoulder protraction on the nondominant side (p = 0.000); thoracic kyphosis (p = 0.000); lateral neck flexion (p = 0.029 left and p = 0.001 right) and pelvic obliquity (p = 0.000 left and right). The results indicate that smartphones negatively affect the postures of university students and may result in severe long-term clinical implications such as chronic neck-, thoracic-and low back pain, headaches and decreased concentration.
Background
Texting, emailing, scheduling appointments and browsing the internet on smartphones consumes approximately three and a half hours of university-students' time per day (Berolo, Wells, & Amick, 2011) . Smartphones are also used as an adjunct to teaching and learning activities in academic institutions, and the use and development of mobile applications (apps) are rising (Kalra & Singh, ABOUT THE AUTHOR Dr Cochrane & Mr Tshabalala are senior lecturers at the Sefako Makgatho Health Sciences University. Both authors have a special interest in rehabilitation, specifically with regard to the assessment and management of biomechanical-and neurological dysfunction. Mr Hlatswayo, Ms Modipana, Ms Makibelo, Mr Mashale & Ms Pete were students at the Sefako Makgatho Health Sciences University during the conduction of the study. The study was conducted as part of ongoing research on health risks that affect University students.
PUBLIC INTEREST STATEMENT
Smartphone usage among University students has become common place, with these phones replacing traditional learning materials such as textbooks, class notes and computers. However, using smartphones may adversely affect posture, which will in turn lead to pain, biomechanical dysfunction and poor concentration. In this study, the short term effects of smartphone usage were determined using photographic images of University students' postures before and after smartphone use. It was found that smartphones significantly affected the neck, shoulder, trunk and pelvis after only five minutes of smartphone use. Clearly, the increased time spent on smartphones and the adverse effects of smartphone usage on posture is cause for concern. Students should be made aware of the potential health risks associated with smartphone use as well as be provided with strategies to avoid adopting incorrect postures when using their smartphones. 2017). As a result of the increased usage of their smartphones, university students commonly report pain in the neck, shoulders and at the base of the thumb, which can be attributed to the postures assumed by the students during smartphone usage and the type of smartphone they use (Liang & Hwang, 2016; Trudeau, Young, Jundrich, & Dennerlein, 2012) . Over time maintaining unideal postures while using a smartphone may lead to physiological and biomechanical changes in body structures and the musculoskeletal system (Chany, Marras, & Burr, 2007; Trudeau et al., 2012) .
Performing small repetitive motions (such as texting) associated with using smartphones in a sustained unideal posture during these motions, reduces circulation to muscle tissue (Kim & Kim, 2015) . A reduction in circulation will limit sufficient nutrient supply to the muscles, which will result in the experience of localised pain and fatigue (Kim & Kim, 2015) . If localised fatigue persists for more than 30 minutes, and there is a decrease in the maximum voluntary contractions of the muscle tissues, the effectiveness of the corticospinal-output may decrease (Paillard, Maitre, Chaubet, & Borel, 2010) . The reduction in corticospinal-output may result in reduced motorneuron activity and will affect the control of movement (Paillard, 2012; Paillard et al., 2010) .
Maintaining an unideal posture may result in the development of postural syndromes such as excessive thoracic kyphosis and a poking chin, which in turn will result in inadequate muscle contractions, weakening of postural muscles and fatigue (Chany et al., 2007) . Decreased activity in postural musculature (as a result of unideal posture maintenance) may result in over-utilization of mobiliser muscles, which will lead to the experience of pain, stiffness and discomfort (Comerford & Mottram, 2001; Hoffman & Gabel, 2013) . People with poking chin postures, who use their smartphones for prolonged periods of time, have been reported to suffer from pain and fatigue associated with the use of a smartphone (Kim & Koo, 2016) .
Postural changes, along with the associated local-and global musculoskeletal problems that have been reported in the literature, are causes for concern because the young age of the majority of smartphone users can lead to sustained unideal postures in adulthood. If the extent of the problem is not explored and addressed, students may develop postural syndromes and musculoskeletal problems which might hinder the extent to which they can perform their professions and participate in recreational-and leisure activities. Hence, the aim of the study was to:
(1) Determine the effects of using a smartphone for five minutes on the upper back postures of university students.
Methodology
A cross-sectional observational study design was implemented to enable standardisation of the sampling-and data collection procedures (Carlson & Morrison, 2009; Ferreira, Duarte, Maldonado, Bersanetti, & Marques, 2011) . Sixty-three (63) physiotherapy students who owned a smartphone for more than six months and who provided informed consent were recruited to participate in the study. Students who had undergone any surgical-or medical procedures of the upper back, neck, shoulders and hands were excluded from the study. Permission to conduct the study was obtained from the Sefako Makgatho Health Sciences University (SMU) Ethics Committee (Ethics approval number SMUREC/H/231/2016).
A self-administered questionnaire (Appendix A) was completed by all the students and thereafter, photographic postural analysis was conducted. The postural analysis was conducted in the audio-visual laboratory of the SMU using the standardised camera placement illustrated in Figure 1 . A photograph was taken of each student's sitting posture prior to using a smartphone and a second photograph was taken after the students had used a smartphone for five minutes (Figure 2 ).
Posterior postural analysis was conducted, pre-and post-smartphone use, by marking anatomical landmarks with reflective markers and measuring the distance(s) between the markers with the Digimizer 4 photographic analysis software program (Do Rosario, 2014; Stolinski et al., 2017) . The distance between C7 and the acromion was measured for both shoulders, to determine shoulder protraction. The distance between C7 and T7 was measured to determine if the participants' thoracic curvature increased (i.e. became more kyphotic). The angle between the base of the skull, the C7 vertebrae and the acromion was measured (left and right) to determine if lateral neck flexion occurred as a result of smartphone usage. The distance between T7 and the inferior angle of the scapula was measured to determine the amount of scapula abduction. The distance between the T7 and T12 was measured to determine lower thoracic kyphosis and the distance between T12 and the posterior superior iliac spines (PSIS) (left and right) were measured to determine if pelvic obliquity occurred during smartphone usage. In order to analyse the collected data the SPSS version 20.0 statistical package was used. Descriptive statistical analysis was performed on the data obtained from the self-administered questionnaire. The two-sample t-test was used to determine the difference between all the measurements before and five minutes after smartphone usage. Pearson's correlation coefficients were estimated as α = 0.05 for all tests.
Results
The general demographic information of the students who participated in the study are presented in Table 1 . Fifty-eight (58) of the 63 students (92.36%) indicated that they were right-hand dominant. The profiles of the students and their smartphone usage are presented in Table 2 . Table 3 displays the results from the two-sample t-test for the photographic postural analysis that was collected during the adoption of the pre-and post-smartphone postures. Statistically significant changes were observed for all measurements, with the exception of shoulder protraction on the right-hand (dominant) side.
Discussion
The demographic profile of the physiotherapy students who participated in the current study is similar to national and international reports in the literature (Maharaj, 2008; Naylor, Norris, & Williams, 2014) . Students use smartphones for different purposes, such as academic benefit; social networking; communication; and entertainment (Liang & Hwang, 2016; Trudeau et al., 2012) . The results obtained from students in the current study indicate similar trends of smartphone usage, with texting and chatting identified as the most popular and time consuming smartphone activity. Nearly half the students (57.1%) reported using their dominant (right) hands during the execution of the smartphone-related activities. A high percentage of students (49.2%) indicated that they experienced discomfort as a result of smartphone use. These findings are in line with published research by Gold et al. (2012) , who also found that smartphone usage result in the increased experience of discomfort. Although the current study only investigated the short-term effect of smartphone use on posture, Gold et al. (2012) found that the prolonged experience of discomfort may lead to musculoskeletal dysfunction and -disorders.
The results of the photographic postural analysis indicate that there was a significant increase (p = 0.000) in the amount of shoulder protraction on the left hand side (non-dominant) hands of the students. Increased shoulder protraction results in dysfunction of the scapula during upper limb movement, which may result in the inability of students to utilize the arm optimally (Andersen, Andersen, Zebis, & Sjodaard, 2014) . Prolonged shoulder protraction and scapular dysfunction could also result in acute-and chronic neck pain, which could lead to the development of headaches and, in extreme cases, to the development of chronic migraines (Andersen et al., 2014) . Shoulder protraction is directly related to the amount of abduction of the scapula, i.e. in order for the inferior angle of the scapulae to abduct the shoulders need to move "forward" into either a flexed or protracted position (Paine & Voight, 2013) . The results of the current study indicate that the distance between the 7 th thoracic vertebrae and the inferior border of the scapula increased significantly on the left and the right sides (p = 0.000), which corroborates the measurement from the C7 to the acromion process. Thoracic kyphosis is the term used to describe an increase in the amount of upper back flexion. The cumulative effect of the thoracic vertebras' shape results in a natural kyphotic posture in adults (Middleditch & Oliver, 2005) . However, when excessive thoracic kyphosis is present (>40º kyphosis) it will influence upper limb function, cervical range of motion and will result in pain in the neck and back (Falla, Jull, Russel, Vicenzino, & Hodges, 2007; Middleditch & Oliver, 2005) . The results obtained from both the low-and high thoracic kyphosis measurements in the current study indicated a significant increase in the amount of thoracic kyphosis (p = 0.000 for both low-and high thoracic kyphosis) after five minutes of smartphone use. Xie, Szeto, Madeleine, and Tsang (2018) reported a similar increase in thoracic kyphosis after 10 minutes of smartphone usage (Xie et al., 2018) .
The angles measured between the anatomical landmarks of the base of the skull, C7 and the acromion process provided information regarding the degree of lateral neck flexion. Irrespective of the side to which the neck is flexed, prolonged lateral neck flexion will result in chronic neck pain and ligament instability (Steilen, Hauser, Woldin, & Sawyer, 2014) . Not only will prolonged neck flexion lead to the experience of pain, but it also negatively influences proprioception and sensation of the neck (Lee, Lee, & Park, 2015) . The decrease in proprioception and sensation may result in the experience of dizziness, disorientation and nausea (Lee et al., 2015) . The results that we obtained indicate that there is a statistically significant amount of lateral flexion that occurs during smartphone use among physiotherapy students (left: 0 = 0.029; right: p = 0.001).
The final analysis for the current study was the measurement of pelvic obliquity during smartphone use. The left and right measurements from T12 to the posterior superior iliac spines showed statistically significant changes in the pelvic obliquity after smartphone use. Pelvic obliquity may lead to pain in the low back and the upper thoracic region (because the spinal column is a closed-kinematic chain) (Son, Park, & Park, 2014) .
Conclusion
When the postural analysis is considered as a whole, it is evident from the results that the use of a smartphone affects the upper back postures of university students negatively. The results that were obtained are in line with published research by Gold et al. (2012) and Liang and Hwang (2016) who indicated that using a smartphone affects posture negatively. The increased amount of time spent using smartphones will have an even greater effect on posture, and it might have severe long term effects if the students are not made aware of the unideal postures they adopt during smartphone use. Cochrane et al., Cogent Engineering (2019 ), 6: 1627752 https://doi.org/10.1080 /23311916.2019 For future research, it is recommended that dynamic postural analysis, with the use of threedimensional movement analysis apparatus is conducted. The use of dynamic postural analysis will detect subtle changes in the spine during the first five minutes of smartphone use. = p is the exceedance probability; * = 0.01 < p ≤ 0.05; ** = 0.001 < p ≤ 0.01; *** = p ≤ 0.001
Disclosure
The researchers declare that there is no conflict of interest affecting the publication of this article.
Practitioner Summary
The short-term effect of smartphone use on the upperback postures of university students was studied. Sixtythree students completed a self-administered questionnaire and photographic postural analysis. Smartphone usage significantly affected shoulder protraction on the non-dominant side; thoracic kyphosis; lateral neck flexion and pelvic obliquity. Smartphone usage affects posture adversely. 
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